We present a detailed investigation of the radial distribution of blue straggler star and binary populations in the Galactic globular cluster NGC 5466, over the entire extension of the system. We used a combination of data acquired with the ACS on board the Hubble Space Telescope, the LBC-blue mounted on the Large Binocular Telescope, and MEGACAM on the Canadian-France-Hawaii Telescope. Blue straggler stars show a bimodal distribution with a mild central peak and a quite internal minimum. This feature is interpreted in terms of a relatively young dynamical age in the framework of the "dynamical clock" concept proposed by Ferraro et al. (2012) . The estimated fraction of binaries is ∼ 6 − 7% in the central region (r < 90 ′′ ) and slightly lower (∼ 5.5%) in the outskirts, at r > 200 ′′ . Quite interestingly, the comparison with the results of Milone et al. (2012) suggests that also binary systems may display a bimodal radial distribution, with the position of the minimum consistent with that of blue straggler stars. If confirmed, this feature would give additional support to the scenario where the radial distribution of objects more massive than the average cluster stars is primarily shaped by the effect of dynamical friction. Moreover, this would also be consistent with the idea that the unperturbed evolution of primordial binaries could be the dominant BSS formation process in low-density environments.
INTRODUCTION
Galactic globular clusters (GCs) are dynamically active systems, where stellar interactions and collisions, especially those involving binaries, are quite frequent (e.g. Hut et al. 1992; Meylan & Heggie 1997) and generate populations of exotic objects, like X-ray binaries, millisecond pulsars, and Blue straggler stars (BSSs; e.g., Paresce et al. 1992; Bailyn 1995; Bellazzini et al. 1995; Ferraro et al. 1995 Ferraro et al. , 2009 Ransom et al. 2005; Pooley & Hut 2006) . Among these objects, BSSs are the most abundant and therefore may act as a crucial probe of the interplay between stellar evolution and stellar dynamics (e.g. Bailyn 1995) . They are brighter and bluer (hotter) than main sequence (MS) turnoff (TO) stars and are located along an extrapolation of the MS in the optical color-magnitude diagram (CMD). Thus, they mimic a rejuvenated stellar population, with masses larger than those of normal cluster stars (M 1 − 1.2M ⊙ ; this is also confirmed by direct measurements; Shara et al. 1997; Gilliland et al. 1998 ). This clearly indicates that some process which increases the initial mass of single stars must be at work. The most probable formation mechanisms of these peculiar objects are thought to be either the mass transfer (MT) activity between binary companions, even up to the complete coalescence of the system (McCrea 1964) , or the merger of two single or binary stars driven by stellar collisions (COL; Zinn & Searle 1976; Hills & Day 1976) . Unfortunately, it is still a quite hard task to distinguish BSSs formed by either channel. The most promising route seems to be high resolution spectroscopy, able to identify chemical anomalies (as a significant depletion of carbon and oxygen) on the BSS surface (see Ferraro et al. 2006a ), as it is expected in the MT scenario. Also the recent discovery of a double sequence of BSSs in M30 (Ferraro et al. 2009) seems to indicate that, at least in GCs that recently suffered the core collapse, COL-BSSs can be distinguished from MTBSSs on the basis of their position in the color-magnitude diagram (CMD).
In general, since collisions are most frequent in high density regions, BSSs in different environments could have different origins: those in loose GCs might arise from the coalescence/mass-transfer of primordial binaries, while those in high density clusters might form mostly from stellar collisions (e.g., Bailyn 1992; Ferraro et al. 1995) . However, Knigge et al. (2009) suggested that most BSSs, even those observed in the cores of high density GCs, formed from binary systems, although no strong correlation between the number or specific frequency of BSSs and that of binaries is found if all clusters (including the post-core collapse ones) are taken into account (Milone et al. 2012; Leigh et al. 2013) . This is likely due to the fact that dynamical processes significantly modify the binary and the BSS content of GCs during their evolution. An exception seems to be represented by low density environments, where the efficiency of dynamical interactions is expected to be negligible. Very interestingly, indeed, a clear correlation between the binary and the BSS frequencies has been found in a sample of 13 low density GCs (Sollima et al. 2008 ). This remains the cleanest evidence that the unperturbed evolution of primordial binaries is the dominant BSS formation process in low-density environments (also consistently with the results obtained in open clusters; e.g. Mathieu & Geller 2009) .
One of the most notable effects of stellar dynamics on BSSs is the shaping of their radial distribution within the host cluster. In most cases a clear bimodality has been observed in the radial distribution of the N BSS /N ref ratio (N BSS and N ref being, respectively, the number of BSSs and the number of stars belonging to a reference population, as red giant or horizontal branch stars): such a ratio shows a high peak at the cluster centre, a dip at intermediate radii and a rising branch in the external regions (e.g. Beccari et al. 2008; Dalessandro et al. 2009) . In a few other GCs (see, for example, NGC 1904 and M75; Lanzoni et al. 2007a; Contreras Ramos et al. 2012, re- spectively) the radial distribution shows a clear central peak but no upturn in the external cluster regions. In the case of ωCentauri (Ferraro et al. 2006b ), NGC 2419 (Dalessandro et al. 2008) and Palomar 14 ) the BSS radial distribution is flat all over the entire cluster extension. Since BSSs are more massive than the average cluster stars (and therefore suffer from the effects of dynamical friction), these different observed shapes have been interpreted as due to different "dynamical ages" of the host clusters (Ferraro et al. 2012, hereafter F12) : a flat BSS distribution is found in dynamically young GCs (Family I), where two-body relaxation has been ineffective in establishing energy-equipartition in a Hubble time and dynamical friction has not segregated the BSS population yet. In clusters of intermediate ages (Family II) , the innermost BSSs have already sunk to the center, while the outermost ones are still evolving in isolation (this would produce the observed bimodality); finally, in the most evolved GCs (Family III), dynamical friction has already segregated toward the centre even the most remote BSSs, thus erasing the external rising branch of the distribution. These results demonstrate that the BSS radial distribution can be used as powerful dynamical clock. Of course, the same should hold for binary systems with comparable masses, but the identification of clean and statistically significant samples of binaries all over the entire cluster extension is a quite hard task and no investigations have been performed to date to confirm such an expectation.
NGC5466 is a high galactic latitude GC (l = 42.2
• and b = 73.6
• ), located in the constellation of Boötes at a distance of D = 16 kpc (Harris 1996) . The cluster has been recently found to be surrounded by huge tidal tails (Belokurov et al. 2006; Grillmair & Johnson 2006) . The BSS stars in this cluster were first studied by Nemec & Harris (1987) , and, more recently, Fekadu et al. (2007) analyzed the BSS population inside the first r ∼ 800 ′′ from the cluster center. Since the cluster tidal radius is 1580 ′′ (Miocchi et al. 2013 ), a survey of the BSS population over the whole body of the cluster is still missing. In the framework of the study of the origin of the BSS, it is important to mention that NGC 5466 is the first GC where eclipsing binaries were found among the BSS (Mateo et al. 1990 , see also Kryachko et al.(2011) ). In their paper Mateo et al. (1990) find indications that all the BSS in NGC 5466 were formed from the merger of the components of primordial, detached binaries evolved into compact binary systems.
In this paper we intend to study the BSS and binary populations of NGC 5466, focussing in particular on their radial distribution within the whole cluster to investigate its dynamical age.
The paper is organized as follows. In Section 2 we describe the observations and data analysis. Section 3 is devoted to the definition of the BSS population and the study of its radial distribution. In Section 4 we describe how the fraction of binaries and its variation with radius are investigated. The summary and discussion of the obtained results are presented in Section 5.
OBSERVATIONS AND DATA ANALYSIS
The photometric data used here consist of a combination of shallow and deep images (see Table 1 ) acquired through the blue channel of the Large Binocular Camera (LBC-blue) mounted on the Large Binocular Telescope (LBT), MEGA-CAM on the Canadian-France-Hawaii Telescope (CFHT) and the Advanced Camera for Survey (ACS) on board the Hubble Space Telescope (HST).
(i)-The LBC data-set: both short and long exposures were secured in 2010 under excellent seeing conditions (0.
′′ 5-0. ′′ 7) with the LBC-blue (Ragazzoni et al. 2006; Giallongo et al. 2008 ) mounted on the LBT (Hill et al. 2006) at Mount Graham, Arizona. The LBC is a double wide-field imager which provides an effective 23 ′ × 23 ′ field of view (FoV), sampled at 0.224 arcsec/pixel over four chips of 2048 × 4608 pixels each. LBC-blue is optimized for the UV-blue wavelengths, from 320 to 500 nm, and is equipped with the U − BESSEL, B − BESSEL, V − BESSEL, g − SLOAN and r − SLOAN filters (hereafter U, B,V, g, r, respectively) . A set of short exposures (of 5, 60 and 90 seconds) was secured in the B and V filters with the cluster center positioned in the central chip (namely #2) of the LBC-blue CCD mosaic. Deep images (of 400 and 200 s in the B and V bands, respectively) were obtained with the LBC-blue FoV positioned ∼ 100 ′′ south from the cluster centre. A dithering pattern was adopted in both cases thus to fill the gaps of the CCD mosaic. The raw LBC images were corrected for bias and flat field, and the overscan region was trimmed using a pipeline specifically developed for LBC image pre-reduction from the LBC Survey data center 1 .
(ii)-The MEGACAM data-set: g and r wide-field MEGA-CAM images (Prop ID: 04AK03; PI: Jang-Hyun Park), acquired with excellent seeing conditions (0.
′′ 6-0. ′′ 8) were retrieved from the Canadian Astronomy Data Centre (CADC 2 ). Mounted at CFHT (Hawaii), the wide-field imager MEGA-CAM (built by CEA, France), consists of 36 2048 × 4612 pixel CCDs (a total of 340 megapixels), fully covering a 1 degree × 1 degree FoV with a resolution of 0.187 arcsecond/pixel. The data were preprocessed (removal of the instrumental signature) and calibrated (photometry and astrometry) by Elixir pipeline 3 . (iii)-The ACS data-set consists of a set of high-resolution, deep images obtained with the ACS on board the HST through the F606W and F814W filters (GO-10775;PI: Sarajedini). The cluster was centered in the ACS field and observed with one short and five long-exposures per filter, for a total of two orbits. We retrieved and used only the deep exposures (see Table 5 ). All images were passed through the standard ACS/WFC reduction pipeline.
As shown in the left panel of Figure 1 , the shallow LBC data-set is used to sample a region of 600 ′′ around the cluster center, and for r > 600
′′ it is complemented with the MEGA-CAM observations, which extend beyond the tidal radius, out to r ∼ 30 ′ . In the following the combination of these two datasets will be referred to as the "Shallow Sample" and adopted to study the BSS population over the entire cluster extension (see Sect. 3). The ACS observations sample the innermost ∼ 200 ′′ of the cluster and they are complemented with the deep LBC observations, extending out to r t (see right panel of Figure 1 ): this will be called the "Deep Sample" and used to investigate the binary fraction of NGC 5466 (see Sect. 4).
Photometry and Astrometry
Given the very low crowding conditions in the external cluster regions, we performed aperture photometry on the two g and r MEGACAM images, by using SExtractor (Bertin & Arnouts 1996) with an aperture diameter of 0.9 ′′ (correspond-ing to a FWHM of 5 pixels). Each of the 36 chips was reduced separately, and we finally obtained a catalog listing the relative positions and magnitudes of all the stars in common between the g and r catalogs. The LBC and ACS data-sets were reduced through a standard point spread function (PSF) fitting procedure, by using DAOPHOTII/ALLSTAR (Stetson 1987 (Stetson , 1994 . The PSF was independently modeled on each image using more than 50 isolated and well sampled stars in the field. The photometric catalogs of each pass-band were combined, and the instrumental magnitudes were reported to a reference frame following the standard procedure (see, e.g., Ferraro et al. 1991 . The magnitudes of stars successfully measured in at least three images per filter were then averaged, and the error about the mean was adopted as the associated photometric uncertainty. In order to obtain an absolute astrometric solution for each of the 36 MEGACAM chips, we used more than 15000 stars in common with the Sloan Digital Sky Survey (SDSS) catalog 4 covering an area of 1 square degree centered on the cluster. The final r.m.s. global accuracy is of 0.3 ′′ , both in right ascension (α) and declination (δ). The same technique applied to the LBC sample gave an astrometric solution with similar accuracy (σ < 0.3 ′′ r.m.s.). Considering that no standard astrometric stars can be found in the very central regions of the cluster, we used the stars in the LBC catalog as secondary astrometric standards and we thus determined an absolute astrometric solution for the ACS sample in the core region with the same accuracy obtained in the previous cases.
A sample of bright isolated stars in the ACS data-set was used to transform the ACS instrumental magnitudes to a fixed aperture of 0.
′′ 5. The extrapolation to infinite and the transformation into the VEGAMAG photometric system was then performed using the updated values listed in Tables 5 and  10 of Sirianni et al. (2005) 5 . In order to transform the instrumental B and V magnitudes of the LBC sample into the Johnson/Kron-Cousins standard system, we used the stars in common with a photometric catalog previously published by Fekadu et al. (2007) . These authors, in section 2.3 of their paper, provide a thorough comparison of their photometry with existing literature datasets, finding a satisfactory agreement. In particular they found an excellent agreement in the photometric zero-points (within less than 0.02 mag) and no residual trends with colors with the set of secondary standards by Stetson (2000) , that should be considered as the most reliable reference. We verified, by direct comparison with Stetson (2000) , that the quality of the agreement shown by Fekadu et al. (2007) is fully preserved in our final catalog.
Instead, the g and r magnitudes in the MEGACAM sample were calibrated using the stars in common with the SDSS catalog and we then adopted the equation that Robert Lupton derived by matching DR4 photometry to Peter Stetson's published photometry for stars 6 to transform the calibrated g and r into a V magnitude. We finally used more than 2000 stars in common between the LBC and the MEGACAM data-sets to search for any possible off-sets between the V magnitude in the two catalogs, finding an average systematic difference of 0.014 mag. We therefore applied this small correction to the MEGACAM catalog. Similarly, we used more than 200 stars in common between the ACS data-set and the LBC cata-4 Available at web-site http://cas.sdss.org/dr6/en/tools/search/radial.asp 5 The new values are available at the STScI web pages: http://www.stsci.edu/hst/acs/analysis/zeropoints 6 see http://www.sdss.org/dr4/algorithms/sdssUBVRITransform.html#Lupton2005 log to calibrate the ACS F606W magnitude to the Johnson V magnitude. Such a procedure therefore provided us with a homogenous V magnitude scale in common to all the available data-sets.
The Color-Magnitude Diagrams
The CMD obtained from the shallow LBC exposures for the innermost 600
′′ from the cluster center is shown in Figure 2 . Typical photometric errors (magnitudes and colors) are indicated by black crosses. The high quality of the images allows us to accurately sample all the bright evolutionary sequences, from the Tip of the red giant branch (RGB), down to ∼ 2 magnitudes below the MS-TO, with a large population of BSSs well visible at 0 < (B − V) < 0.4 and 20.5 < V < 18.
In Figure 3 we show the CMDs obtained from the ACS and the deep LBC observations. As in Figure 2 , the typical photometric errors (magnitudes and colors) for the two sample are indicated by black crosses. A well populated MS is visible in the ACS CMD, extending from the MS-TO (V ∼ 20.5) down to V ∼ 27. Once again, the collecting power of the LBT combined with the LBC-blue imaging capabilities allowed us to sample the MS down to similar magnitudes in an area extending out to the cluster's tidal radius. For (B−V ) 1.5 the plume of Galactic M dwarfs is clearly visible, while for (B − V ) 1 and V 24 a population of unresolved background (possibly extended) objects is apparent. In both the CMDs a well defined sequence of unresolved binary systems is observed on the red side of the MS.
THE SHALLOW SAMPLE AND THE BSS POPULATION
The Shallow Sample was used to determine the cluster center of gravity (C grav ) and the projected density profile from accurate star counts 7 , following the procedure already adopted and described, e.g., in Beccari et al. (2012) . The resulting value of C grav is α J2000 = 14 h 05 m 27 s .2, δ J2000 = +28
• 32 ′ 01. ′′ 8, in full agreement with that quoted by Goldsbury et al. (2010) . The best fit King model to the observed density profile has concentration parameter c = 1.31, core radius r c = 72
′′ and tidal radius r t = 1580 ′′ = 26.3 ′ (Miocchi et al. 2013 ).
8 Fekadu et al. (2007) studied the radial distribution of the BSS population in NGC 5466, from the cluster centre out to r ∼ 800 ′′ (see also Nemec & Harris 1987) . They selected 89 BSSs and showed that they are significantly more centrally concentrated than RGB and horizontal branch (HB) stars, but they did not find any evidence of upturn in the external regions. However, that study did not sample the entire radial extension of the cluster, while our previous experience demonstrates that even a few BSSs in the outer regions can generate the external rising branch. Hence, a detailed investigation even in the most remote regions is necessary before solidly excluding the presence of an upturn in the BSS radial distribution and confirming the dynamical age of the cluster.
BSS and reference population selection
The selection of the BSS population was primarily performed in the (V, B − V ) plane (see open circles in Figure 4 , left panel), by adopting conservative limits in magnitude and color in order to avoid the possible contamination from stellar blends. The BSS selection has been then "exported" to the MEGACAM (V,V − r) CMD by using the BSSs in common between the two data-sets in the region at r < 600 ′′ (see right hand panel). We finally count a population of 88 stars in the LBC sample and 9 stars in the MEGACAM one, for a total of 97 BSSs spanning the entire radial extent of the cluster. The cross-correlation of our sample with that of Fekadu et al. (2007) confirms that the majority of the stars selected in the previous work are real BSSs, but 18 of them are blended sources. In order to further test the completeness of our LBC shallow sample we performed a detailed comparison with the ACS photometric catalogue of Sarajedini et al. (2007) 9 . The completeness has been quantified as the fraction of stars in common between the two catalogs in a given magnitude interval: we find 93%, 95%, and 100% completness for stars with V < 22, 21.5, and 21, respectively.
For a meaningful study of the BSS population, a reference sample of "normal" cluster stars has to be defined. Here we choose a post-MS population composed of sub-giant (SGB) and red giant branch stars (RGB; see grey triangles in Fig.  4 ). This has been selected in the same magnitude range (18.4 < V < 20) of BSSs, thus guaranteeing that the photometric completeness is the same in both samples. We count 1358 and 96 stars in the LBC and MEGACAM data-sets, respectively.
The BSS radial distribution
As extensively illustrated in literature (see for example Bailyn 1995; Ferraro et al. 2003 Ferraro et al. , 2012 , and references therein), the study of the BSS radial distribution is a very powerful tool to shed light on the internal dynamical evolution of GCs and possibly gets some hints on the BSS formation mechanisms.
As a first step, we compared the cumulative radial distribution of the selected BSS population to that of reference stars (see Figure 5) . Clearly, BSSs are more centrally concentrated, and a Kolmogorov-Smirnov test yields a probability of 99.9% that the two samples are not extracted from the same parent population. This cumulative BSS distribution closely resembles that already observed in this cluster by Fekadu et al. (2007) out to ∼ 800 ′′ (see their Figure 19 ), with the only difference that we sample the entire cluster extension. Moreover, the distributions shown in Figure 5 , closely resembles that observed in all GCs characterised by a bimodal radial distribution of BSSs (see, e.g., the cases of M3, Ferraro et al. 1997 , 47Tuc, Ferraro et al. 2004 M53, Rey et al. 1998; M5, Lanzoni et al. 2007b) .
Following the same procedure described in Lanzoni et al. (2007b) , as a second step we divided the surveyed area in a series of concentric annuli centred on C grav . In Table 2 we report the values of the inner and outer radii of each annulus, together with the number of BSSs (N BSS ) and reference stars (N RGB ) counted in each radial bin. We also report the fraction of light sampled in the same area, with the luminosity being calculated as the sum of the luminosities of all the stars measured in the TO region at 19.5 V 20.5. The contamination of the cluster BSS and RGB populations due to background and foreground field stars can be severe, especially in the external regions where number counts are low. We therefore exploited the wide area covered by MEGACAM The catalogue is available for download at http://www.astro.ufl.edu/∼ata/public_hstgc/ (see Figure 1) to estimate the field contamination by simply counting the number of stars located beyond the cluster tidal radius (at r > 1580 ′′ ) that populate the BSS and RGB selection boxes in the CMD. We count 2 BSSs and 13 RGB stars in a ∼ 0.43 deg 2 area. The corresponding densities are used to calculate the number of field stars expected to contaminate each population in every considered radial bin (see numbers in parenthesis in Table 2 ).
In the upper panel of Figure 6 we show the resulting trend of N BSS /N RGB as a function of radius. Clearly it is bimodal, with a relatively low peak of BSSs in the inner region, a distinct dip at intermediate radii, and a constant value slightly smaller than the central one, in the outskirts. We identify the minimum of the radial distribution at r min ∼ 180
′′ . This behavior is further confirmed by the radial distribution of the BSS double normalized ratio, R BSS (see the black circles in the lower panel of Figure 6 ).
For each radial bin, R BSS is defined as the ratio between the fraction of BSSs in the annulus and the fraction of light sampled by the observations in the same bin (see Ferraro et al. 2003) . The same quantity computed for the reference population turns out to be equal to one at any radial distance (see grey regions in the figure). This is indeed expected from the stellar evolution theory (Renzini & Buzzoni 1986) and it confirms that the distribution of RGB stars follows that of the cluster sampled light. Instead, R BSS shows a bimodal behavior, confirming the result obtained above. Notice that NGC 5466 is one of the most sparsely populated Galactic GCs, and so the number of cluster's stars and the fraction of sampled light in the external regions is quite low.
THE DEEP SAMPLE AND THE CLUSTER BINARY FRACTION
Binaries play an important role in the formation and dynamical evolution of GCs (McMillan 1991) . Indeed these systems secure a enormous energy reservoir able to quench masssegregation and delay or even prevent the collapse of the core. Up to now three main techniques have been used to measure the binary fraction: (i) radial velocity variability (e.g., Mathieu & Geller 2009), (ii) searches for eclipsing binaries (e.g. Mateo 1996; Cote et al. 1996) and (iii) studies of the distribution of stars along the cluster MS in CMD (e.g. Romani & Weinberg 1991; Bellazzini et al. 2002; Milone et al. 2012) . In this work we adopt the latter approach, which has the advantage of being more efficient for a statistical investigation, and unbiased against the orbital parameters of the systems. We followed the prescriptions extensively described in Bellazzini et al. (2002) and Sollima et al. (2007 Sollima et al. ( , 2010 , see also Dalessandro et al. 2011 ). This method relies on the fact that the luminosity of a binary system is the result of the contributions of both (unresolved) companions. The total luminosity is therefore given by the luminosity of the primary (having mass M 1 ) increased by that of the companion (with mass M 2 ). Along the MS, where stars obey a mass-luminosity relation, the magnitude increase depends on the mass ratio q = M 2 /M 1 , reaching a maximum value of 0.75 mag for equal mass binaries (q = 1). Taking advantage of the large FoV covered by our data-sets, we analyzed the binary fraction at different radial distances from the cluster center, out to r ∼ 800 ′′ .
Completeness tests
In order to estimate the fraction of binaries from the "secondary" MS in the CMD, it is crucial to have a realistic and robust measure of other possible sources of broadening of the MS (e.g. blending, photometric errors). These factors are related to the quality of the data and can be properly studied through artificial star experiments. We therefore produced a catalog of artificial stars for the ACS and LBC-deep data-sets, following the procedure described in Bellazzini et al. (2002) .
As a first step, a list of input positions and magnitudes of artificial stars (X in ,Y in ,V in , F814W in and B in ) is produced. Once these stars are added to the original frames at the X in and Y in positions, we repeat the measure of stellar magnitudes in the same way as described in Section 2.1. At the end of this procedure we obtain a list of stars including both real and artificial stars. Since we know precisely the positions and magnitudes of the artificial stars, the comparison of the latter with the measured V out , F814W out and B out magnitudes, allow us to estimate the capability of our data-reduction strategy to properly detect stars in the images, including the effect of blending.
In practice, we first generated a catalog of simulated stars with a V in magnitude randomly extracted from a luminosity function modeled to reproduce the observed one. Then the F814W in and B in magnitudes were assigned to each sampled V in magnitude by interpolating the mean ridge line of the cluster (solid grey lines in the left and right panels of Figure 3 , for the ACS and the LBC-deep samples, respectively). The artificial stars were then added on each frame using the same PSF model calculated during the data reduction phase, and were spatially distributed on a grid of cells of fixed width (5 times larger than the mean FWHM of the stars in the frames). Only one star was randomly placed in such a box in each run, in order not to generate artificial stellar crowding from the simulated stars on the images. The artificial stars were added to the real images using the DAOPHOT/ADDSTAR routine. At the end of this step, we have a number of "artificial" frames (which include the real stars and the artificial stars with know position in the frame) equal to the number of observed frames.
The reduction process was repeated on the artificial images in exactly the same way as for the scientific ones. A total of 100,000 stars were simulated on each data-set and photometric completeness (φ comp ) was then calculated as the ratio between the number of stars recovered by the photometric reduction (N out ) and the number of simulated stars (N in ).
In Figure 7 , we show the photometric completeness estimated for the ACS and the LBC-deep data-sets (upper and lower panels, respectively) as a function of the V magnitude and for different radial regions around the cluster center. The completeness of the ACS sample is above 80% for all magnitudes down to V ∼ 26 (i.e., ∼ 5.5. magnitudes below the cluster TO), even in the innermost region. On the other hand, a completeness above 50% down to V ∼ 24 is guaranteed only at r > 200 ′′ in the LBC-deep data-set. Instead, stellar crowding is so strong at lower radial distances (region D) that the completeness stays below ∼ 80% at all magnitudes. We therefore exclude this region (120 ′′ < r < 200 ′′ ) from our study of the cluster binary fraction.
The binary fractions
As mentioned at the beginning of Section 4, our estimation of the binary fraction in NGC 5466 is performed by determining the fraction of binaries populating the area between the MS and a secondary MS, blue-ward shifted in colour by ∼ 0.75 (Hurley & Tout 1998) .
As a first step of our analysis, we measured the minimum binary fraction, i.e. the fraction of binaries with mass ratios large enough (q > q min ) that they can be clearly distinguished from single MS stars in the CMD. When q approaches the null value, the shift in magnitude of the primary star (i.e. the more massive one) is negligible. For this reason binary systems with small values of q becomes indistinguishable from MS stars when photometric errors are present. Clearly, this is a lower limit to the total binary fraction of the cluster. However, it has the advantage of being a pure observational quantity, since it is calculated without any assumption on the distribution of mass ratios (Sollima et al. 2007; Dalessandro et al. 2011 ).
The magnitude interval in which the minimum binary fraction has been estimated is 21 < V < 24 for both the ACS and the LBC samples. According to a 12 Gyr model from Dotter et al. (2007) 10 , this corresponds to a mass range 0.5M ⊙ M 0.74M ⊙ for a single star on the MS. In this interval the photometric completeness φ comp is larger than 50% for both samples. For the magnitude and radial intervals just defined, we divided the entire FoV in four annuli (see Table 3 for details).
Then, the location of q min was estimated on the CMD as the value corresponding to a color difference of three times the photometric error from the MS ridge mean line (grey solid lines in the cluster's CMDs shown in Figure 3 ). This approach allows us to define an area on the CMD safe from contamination from single mass stars. We notice that for each of the four annuli, this color difference corresponds to q min = 0.5. The contamination from blended sources was calculated on the same region of the CMD by adopting the catalogue of artificial stars produced with the completeness tests (see Section 4.1). A catalogue of stars from the Galaxymodel of Robin et al. (2003) was used to estimate the field contamination. We thus estimated ξ q≥0.5 independently for the four radial intervals using the same approach described in Sollima et al. (2007) . As shown in Figure 8 (upper panel), we find that ξ q≥0.5 is almost constant and equal to ∼ 6.5% for r 90 ′′ (i.e., within the ACS sample), then it drops at ∼ 5% at distances larger than 200 ′′ (in the LBC sample). As described above, the minimum binary fraction has the advantage of being measured with no arbitrary assumptions about the mass ratio distribution f (q). It depends, however, on the photometric accuracy of the used data-sets, and caution must be exercised when comparing the minimum binary fractions estimated for different GCs and in different works. An alternative approach consists in measuring the global fraction of binaries (ξ |rmTOT ), that can be obtained by simulating a binary population which follows a given distribution f (q), and by comparing the resulting synthetic CMD with the observed one. We already adopted this technique in Bellazzini et al. (2002) , Sollima et al. (2007) and Dalessandro et al. (2011) . Hence, we refer to these papers for details. In brief, in order to simulate the binary population we randomly extracted N bin values of the mass of the primary component from a Kroupa (2002) initial mass function, and N bin values of the binary mass ratio from the f (q) distribution observed by Fisher et al. (2005) in the solar neighborhood, thus also obtaining the mass of the secondary. We considered the same magnitude limits and radial intervals used before. For each adopted value of the input binary fraction ξ in (assumed to range between 0 and 15% with a step of 1%), we produced 100 synthetic CMDs. Then, for each value of ξ in the penalty function χ 2 (ξ in ) was computed and a probability P(ξ in ) was associated to it (see Sollima et al. 2007) . The mean of the best fitting Gaussian is the global binary fraction ξ TOT . The values obtained in the four considered radial bins are listed in Table 3 . The radial distribution of ξ TOT well resembles that obtained for the minimum binary fraction, remaining flat at ∼ 8% in the innermost ∼ 90 ′′ and decreasing to ∼ 6% in the two outermost annuli.
SUMMARY AND DISCUSSION
We have investigated the radial distribution of BSSs and binary systems in the Galactic GC NGC 5466, sampling the entire cluster extension. This has been possible thanks to a proper combination of LBC-blue and MEGACAM observations, and deep ACS and LBC-blue data, respectively.
The BSS radial distribution has been found to be bimodal, as in the majority of GCs investigated to date (see F12 and references therein). In fact, our data-set allowed us to detect a "rising branch" in the external portion of the BSS distribution that was not identified in previous investigations because of a too limited sample in radius (r < 800 ′′ Fekadu et al. 2007) . Following the F12 classification, NGC 5466 therefore belongs to Family II. The minimum of the distribution is a quite prominent, purely observational feature, that, it in the light of the results published by F12, can be used to investigate the dynamical age of NGC 5466. It is located at r min ∼ 180 ′′ , corresponding to only ∼ 2.5r c . This is the second most internal location of the minimum, after that of M53. Hence, NGC 5466 is one of the dynamically youngest clusters of Family II, where BSSs have just started to sink toward the center of the system. The relatively low central peak of the BSS distribution (R BSS ≃ 1.7; see Fig. 6 ) is also consistent with this interpretation. As a further check, we calculated the core relaxation time (t rc ). F12 shows that log(t rc ) is proportional to log(r min ) (see their figure 4). The value of t rc has been computed by using equation (10) of Djorgovski (1993) , adopting the new cluster structural parameters reported in Section 2.2. In Figure 9 we show the position of NGC 5466 (black solid circle) on the "dynamical clock plane" (t rc /t H as a function of r min /r c ; Figure 4 in F12), where t H is the age of the Universe (t H = 13.7 Gyr). Clearly, this cluster nicely follows the same relation defined by the sample analyzed in F12 (see also Dalessandro et al. 2013) , further confirming that the shape of the observed BSS distribution is a good measure of GC dynamical ages. This figure also confirms that NGC 5466 is one of the youngest cluster of Family II, meaning that only recently the action of dynamical friction started to segregate BSSs (and primordial binary systems of similar total mass) toward the cluster centre. In this scenario, the most remote BSSs are thought to be still evolving in isolation in the outer cluster regions.
The central values of the derived binary fractions (ξ q≥0.5 = 6.5% and ξ TOT = 8%) are slightly smaller than those quoted by Sollima et al. (2007) . This is due to the differences in the adopted data reduction procedures and the consequent completeness analysis results, as well as the assumed luminosity functions. The value of ξ q≥0.5 is in very good agreement with the estimate obtained in the same radial range by Milone et al. (2012) from the same ACS data-sets: ξ q≥0.5 = (7.1 ± 0.4)% (see their Figure 34 and the innermost open triangle in Fig.  8 ). Instead, our total binary fraction is significantly lower than that quoted by Milone et al. (2012, ξ TOT = 14.2%) because of the different assumptions made about the shape of f (q). In fact, these authors assumed a constant mass-ratio distribution for all q values, and their total binary fraction is simply twice the value of ξ q≥0.5 . Indeed, the measure of ξ TOT is quite sensitive to the assumed mass-ratio distribution, as also demonstrated by the value (11.7%) obtained by simulating binaries formed by random associations between stars of different masses (Sollima et al. 2007) . Milone et al. (2012) also provides the value of the minmum binary fraction abetween 2.35 ′ and 2.45 ′ from the cluster center: ξ q≥0.5 = (1.6 ± 3.5)% . We emphasize, however, that this estimate has been obtained by using only the most external fragments of the ACS FoV, corresponding to less than 5% of the total sampled area (this likely explains the large uncertainty quoted by the authors). Keeping this caveat in mind, in light of the good agreement between our central value of ξ q≥0.5 and that measured by Milone et al. (2012) , we include their estimate in our analysis, thus sampling the intermediate region which is not covered by our data. Very interestingly, the value computed by Milone et al. (2012) defines a minimum in the binary fraction radial distribution (see the outer open triangle in Fig. 8 ), thus implying that also the radial distribution of binaries seems to be bimodal in NGC 5466. We stress that the investigated binary systems (having primary star masses between 0.5 and 0.74M ⊙ ) are in a mass range consistent with that of BSSs. Indeed, within the uncertainties, also the position of the minimum of the binary radial distribution is in good agreement with that of the BSS population. This result urges a confirmation through dedicated observations. In fact, we emphasize that this would be the first time that a similar feature is observed in a GC. It would further strengthen the interpretation proposed by F12 that the shape of the BSS radial distribution (and simialr mass objects) is primarily sculpted by dynamical friction. Moreover, it adds further support to the conclusions that the unperturbed evolution of primordial binaries could be the dominant BSS formation process in low-density environments (Sollima et al. 2008) . 0.07 NOTE. -Number of BSSs and RGB stars, and fraction of sampled light in the radial annuli considered to study the BSS radial distribution. The field contamination expected for each population is reported in parentheses. ξ min ξ T OT 0 44 (6.5 ± 0.8)% (7.8 ± 1.1)% 44 88 (6.7 ± 0.5)% (7.9 ± 0.7)% 200 400 (5.1 ± 0.7)% (5.6 ± 1.7)% 400 800 (5.1 ± 1.1)% (5.6 ± 1.8)% NOTE. -Minimum (ξ min ) and total (ξ T OT ) binary fraction as calculated in 4 concentric annuli.
